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Abstract

As we know, the natural condition and external factors influence on the development of
the port. What’s more, its rapid growth of port is restricted by its collection and
distribution system which is the channel between the port and its vast hinterland. This
thesis takes the importance of the collection and distribution system and the status of
Yangshan Port as the background and purpose，the theory of AHP as the theoretical basis
and methodology and then establish an evaluation system of the collection and
distribution system of

Yangshan port to evaluate its condition.

In this thesis, firstly, chapter 1 narrates on the basis of the background and purpose and
determines the main content and methodology of this paper. Chapter 2&3 according to
the related research on this topic, it narrates present situation analysis of Shanghai
Yangshan container port, its hinterland situation and status condition of its collection and
distribution system, it also predicts the trend of collection and distribution of Shanghai
Yangshan container port with the justified qualitative analysis. Then, chapter 4 chooses
the proper evaluation indicator and establishes an evaluation system of collection and
distribution system of Yangshan container port with AHP methods to evaluate its present
situation. In order to reduce the subjectivity of the model, in the determination of the
score of each indicator, Yangshan port will be compared with other big domestic ports,
such as Dalian, Ningbo, and Shenzhen. Finally, according to the results of model, this
paper points out some existing problems of collection and distribution system of
Yangshan port. For example, the main problem is the shortage of port road capacity and
railway system. Aiming at the problem in accordance with the result of the model, the
last part put forward some specific suggestions to help the port become more perfect.

Keywords：Yangshan port, collection and distribution system, AHP, hinterland of
Shanghai
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Chapter 1 Introduction

The first is the introduction of this research paper. It includes the background and the
objectives of this thesis. It also introduces the main methodology and framework of this
research paper.

1.1 Background

In the 21st century, with the development of economic globalization, the increase of
international trade volume and transportation demand put forward a higher requirement
of ports.From the overall perspective, port collection and distribution system is a
significant part of port system. It plays an important role in the rapid transshipment of
goods. A good collection and distribution system provides the guarantee for port
logistics development.

Yangshan port, located in shengsi, Zhejiang province, is a deep-water port of Shanghai
international shipping centerwith the excellent geographical location, convenient
transportation, and a large range of hinterland. It has been one of the largest ports in the
world. The throughput of container went up rapidly these years and shows an increasing
trend.

In order to meet the demand of container transportation and distribution, it was the
research of collection and distribution of Yangshan port that matters. The evaluation and
research on the collection and distribution system have vital influence on shortening
waiting time of goods at port, improving the ability of turnover and competitiveness of
Yangshan port.

1
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1.2Objective of the thesis

In this thesis，there are three objectives. The first objective is to analyze the present
situation about collection and distribution system of Yangshan port from many different
aspects. The second one is to set up an evaluation system of this collection and
distribution system and determine each indicator’s weight.The third goal is through the
results of this system, to put forward some countermeasures and recommendations to
solve the problems.

1.3 Methodology

The main purpose of this thesis is to analyze and evaluate the present situation about the
collection and distribution system of Yangshan port. In order to achieve the objectives
mentioned before, this thesis will combine the qualitative analysis and quantitative
analysis. The qualitative analysis is used to narrate the present situation and trend of
collection and distribution system. And in the chapter 4, the thesis uses the AHP model
to transfer the qualitative analysis to quantitative analysis to describe the problem. The
AHP model can make people's thinking process mathematical, systematic and it is easy
for people to accept. At the same time, it deals with all of the decision-making problems
into a multi-level single objective problems, through two-two comparison between the
same level of elements, and finally to carry out a simple mathematical count.

1.4 Framework

Chapter 2, literature review, shows relevant study and research papers on this issue
and tries to summarize some shortages about the research. Chapter 3, some
fundamental analysis, mainly analyzes the present situation about Yangshan port and
its collection and distribution system. At the same time, the situation about the
2
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hinterland of Yangshan port also plays an important role in the analysis of the
multimodal transport and the whole system.Chapter 4, evaluation system of collection
and distribution system of Yangshan port. Reasonable evaluation system will be
chosen and the weight of each indicator will be calculated by AHP model in this chapter.
To reduce the subjective of the questionnaires, several famous container ports will be
chosen to compare with Yangshan port. Finally, the level of collection and distribution of
Yangshan port will be evaluated. Chapter 6,conclusions. It presents the conclusion of
the whole theses, including findings, suggestions and limitations of this study.

3
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Chapter 2 Literature review

The literature review of this research paper is mainly about two parts, the related
research situation about this issue and the existing problems of present research. For the
present research, the chapter 2.2 narrates the collection and distribution system and the
AHP model.

2.1 Related research abroad and at home

This literature review is about the topic that is the evaluation and research on the
collection and distribution system of the port and Shanghai Yangshan port. For the
research on this topic, the experts and scholars at home and abroad have done a lot of
research and surveys. This chapter gives the authors’ views on some related issues.

2.1.1 Related research on collection and distribution system of Yangshan port

Many scientists in China and abroad have given the definition of collection and
distribution system. About the definition of consolation and distribution system, in Ma
Lei’s (2009)article, she explains that in the collection and distribution system of a port,
the ―collection‖ means that the port workers carry the cargo from the place pointed by
shippers to the port and then pack the cargo. After that, pile them up in the wharf apron
or yard. The ―distribution‖ means unload the import cargo from the ship and pile them
up in the yard, and then ship the cargo to the destination of consignee by different kinds
of ways. Similarly, Zhang Yuqin (2011), Zang Baige (2011) also explain the same
definition. Collection and distribution system consists of the collection and distribution
facilities, modes and management. Port collection and distribution facilities usually refer
to the wharf, waterway, yard, logistics parks, parking area, roads and etc.; port
transportation modes include water transport, rail transport, road transport, belt conveyor,
4
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pipeline transport and multimodal transport; Port management refers to the port planning,
policy, customs clearance, organization and coordination. For the container port, the
main modes of transportation are railway, highway and waterway. Each international
port should have good collection and distribution system so that it can become a
competitive and important land and water transportation hub in the comprehensive
transportation network.

Transportation system is a platform linking a variety of transportation modes , is the key
of the integration of transportation organization. The ships’ arrival at any time and the
unbalance of the cargo flow cause the backlog of the ship and the cargoes. A Fast and
efficient transportation system can effectively relieve this phenomenon and it also can
reduce the requirements to the wharf and warehouse capacity. The constant
improvement of collection and distribution system will in a certain extent make up for
the lack of other port system and expand the radius of port hinterland, so as to promote
the ports’ greatest potential. Many examples in the world shows that a good system with
high efficient and smoothness can help the growth of ports. For example, in the thesis
―Evaluation and Improvement Program of Collection and Distribution System of the Yue
Yang Port‖ written by Yang Wei(2012), he hold the case that Singapore is known as a
transshipment port and it is the busiest port in the world. In 1997, Singapore invested
1.12 billion to speed up the port construction and most of these funds were used to
invest the construction of a new cargo distribution center. Some European ports have the
similar condition; they need a strong collection and distribution system to support their
multimodal transportation with high volume of cargo, such as Rotterdam and Hamburg.
(Huang Xiaomin, 2008)

The data collected from the websites shows the proportion of railway, highway and
waterway transport in different collection and distribution system in different ports. Data
shows, in the collection and distribution system of Rotterdam container port, sea
5
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transport accounted for 51.33%, barge accounted for 1.75%, highway accounted for
14.73% and other 7.73%; In German, the proportion of highway, waterway and railway
transportation was 59.1: 31.4: 9.5; In Singapore water-water transfer’s proportion is over
90%. However, as for the Shanghai port, the proportion of the highway, waterway and
railway transport is approximately 62.5: 37.1: 0.4 and the proportion of the Yangshan
port is approximately 80: 15: 5. To improve the collection and distribution system
construction of Yangshan Port, sea and air three-dimensional traffic is particularly
urgent.

2.1.2 Related research on methodology

As for China, multimodal transport is developing rapidly; the combination of different
ways of transportation can promote the whole process of logistics and save costs. And
the ports, as an entrance and exit of a nation, the collection and distribution influence the
whole transportation on a large degree.Both Lin Jianxin (2006)and Yu Xiaojing(2009)
emphasize this point and they pointed out that the collection and distribution system of a
port can strengthen the relationship between the city and its hinterland. In almost all
articles, the authors illustrate the importance of collection and distribution system and
show us the status analysis of China or specific ports they research. For example, Wang
Weili (2011),Shi Liangqing,Feng Xiangming,Zhang Yaming (2005), Liu Ming (2010)
introduced the condition of Shanghai container port. Meanwhile, the analysis of
throughput of the port and the volume of the collection and distribution system are the
premise of the research. After the analysis, various methods are used in different thesis,
such as SMP (structure equation modelling) used by Bichou, Khalid; Bell, Michael G H
(2007), the Logit model by Jin Zhiwei (2007) and Fang Xingchao (2014) and etc. From
my point of view, the most justified and reasonable method is AHP model. It was
universally used in Mi Xiaochen (2006), Li Zhaoqiang (2009) and Yang Wei (2012)’s
articles. They collect the suggestions from the experts related and calculate the weight of
6
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each indicator and combine the AHP and fuzzy model to evaluate the level of the
development of the system. Relatively speaking, it is a more accessible and common
method to evaluate an objective. Finally, at the end of dissertations, some effective
suggestions and improvement program are put forward to deal with the existing
problems.

2.2 The existing problem of present research

The words above show the present research results about the collection and distribution
system from two aspects. One is the research regarding to the issue of collection and
distribution; another is the introduction of the methods used in those papers.

（1）Although some related papers have studied the problem, it’s necessary and essential
to write this thesis. Compared with the main purpose and contents of the thesis, the past
papers have some obvious problems that can be studied and perfected.
The object of study is not specific. It is the biggest problem in the whole research. Many
Chinese scholars analyzed the present collection and distribution system on the basis of
China’s situation. So to some degree, the objects of those theses are too general. Frankly
speaking, people hope that they can make measures in line with the research, so that
only by researching a specific problem, the measures and suggestions can be significant.
Therefore, my thesis chooses Yangshan container port as the object instead of Shanghai
Port or China Port, especially, it focuses on the evaluation of its collection and
distribution system. The results will be more targeted. In the part of reference, there are
several papers which regard Tianjin and Yueyang port as the object of study, so these
papers combine the real situation with the study, which made the results and
countermeasures more persuasive.

(2) When people pay attention to the issue about the―efficiency and development‖ of the
7
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collection and distribution, at the same time, another important problem should be
focused on. That is what kind of impact of the quick development and improvement on
the environment. The green development of the port has been brought into the public.

Nowadays, resource and environmental problems and growing naturally harbor pollution
have caused people's attention. With the water transports developing rapidly, ports have
a great influence on the economy of one region, but at the same time, we must focus on
environmental protection, resource conservation, so as to achieve sustainable
development. Green Port is the inevitable product of human ecological civilization
construction and has become the goal of all ports and will be the main mode of future
ports. Green development concept has been the core values of the ports. In the
construction of ports, that improving resource utilization, reducing ecological damage
and environmental pollution, achieving harmony between the port and the environment,
have become the common goals of all ports. Therefore, the development of green port
has become an inevitable trend. Obviously, the concept of ―green‖ of the collection and
distribution system is also important to the port.The study of this indicator is urgent.

About the influence of the port operation on the environment, many scholars has studied
on this topic and brought up a serious of suggestion on the green development. Guo
Baochun and Lee Yuru，in the article

"New York— New Jersey Green Port in

reference to the development of China's port"， analyzed the port development of
foreign countries, combined the port status with our country's and came up with many
suggestions and methods for the China green port development, which has a profound
significance on the green port development of China.Lu Yong and Wu Hao, in the
―Sydney green port practice and its implication on our country ", examined the
environment of Australian ports and summed up the experience of green development of
many ports, put forward many measures to China ports , which avoid a lot of mistakes in
the process of environment protection.Xu Bohai, in "the planning and layout of the
8
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green port", used the Scientific Outlook on Development as a guide, the energy-saving
emission reduction as the core, put forward plenty of reasonable advice for the layout
and planning of China's port. From the layout of the port to the operation of the port
and the future development of the whole process, each links and steps are fully
integrated into the energy-saving and emission reduction idea.

Yangshan container port, as an international leading container port should pay attention
to the development strategy as well as the environment protection. In the other papers,
the author seldom considerate this criteria when they built up the evaluation system of
collection and distributionsystem. Most of author only set up the indicator regarding to
the efficiency of the port operation or the collection and distribution system. Therefore,
aiming to this existing problem, in the evaluation system of collection and distribution
system of Yangshan port, in this thesis, a criteria about the impact on the environment
will be added in the evaluation system to evaluate whether the collection and
distribution system of Yangshan container port is environmental friendly.

2.3 Summary of this chapter

This chapter talks about the present research results abroad and at home, including the
contents about the collection and distribution system and the theory of AHP model. The
existing problems about present research are discussed in this chapter. The research
about Yangshan container port is wanting and the environment indicator needs to be
considered in the evaluation system of collection and distribution system. These
problems can be improved in this research paper.

9
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Chapter 3 The foundational analysis of collection and distribution of Yangshan
port

This chapter is the foundation analysis of the collection and distribution system of
Yangshan port. Firstly, it narrates the situation of Yangshan Container port; secondly, the
hinterland of Yangshan port is introduced; next, the chapter 3.3 analyzes the present
status of collection and distribution system of Yangshan port and analyzes each
subsystem of collection and distribution, including highway subsystem, railway
subsystem and waterway subsystem. At last, the development of the throughput of
Yangshan port is analyzed.

3.1 Status analysis of Yangshan Port

The Yangshandeep-water port has been planned until 2012 to form a deep-water
coastline over 10km and arrange more than 30 berths. The throughput would be more
than 15 million standard containers. And until now, the forth-stage project is still in the
process and expected to be completed in 2017.

The first-stage project of Yangshan port contained three parts, including port area project,
Donghai Bridge and Luchaogang auxiliary project. Five 70000-100000 DWT berths
were constructed in the port, accommodating global ships with the latest post-panama
containers. The frontage would be 1600m. Annual throughput would be more than 3
million standard containers. With the overall length of 32.5km, overall width of 31.5m
and bi-directional 6 lanes, Donghai Bridge would be an important auxiliary project in
first-stage project and also would be the only land channel of collection and distribution
in Yangshan deepwater port. Design speed would be 80km/h.

The frontage in the second-stage project of Yangshan port would be 1400m and would
10
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be connected with the first-stage project. The land area would cover 700000 m2. There
would be four deepwater berths. Throughput would be 2.1 million standard containers.
With the commissioning of the second-stage project, Yangshan port would own nearly
3000m of frontage, nine deepwater berths and 34 large-scale bridge cranes. After the
second-stage dock was put into operation, Yangshan port would be increased to 9
deepwater berths. There would be no crowding phenomenon, even if ships were
concentrated in the port.

The frontage in the third-stage project (Phase One) of Yangshan deep-water port would
be 1350m. There would be four 70000-150000 DWT appropriated berths. The design
throughput would be 2.8 million TEU. These berths were constructed and were put into
operation in June 2008. With the commissioning of the third-stage project (Phase One),
13 deepwater berths for large-scale containers have already been constructed in
Yangshan deep-water port. The frontage would be 4.35km. In this way, shortage of
deep-water berths and insufficient containers’ throughput in Port of Shanghai could be
relieved effectively.

The overall length of the dock in the third-stage project (Phase Two) of Yangshan
deep-water port would be 1.25km. Three 70000-150000 DWT appropriated berths for
containers were constructed. The design throughput would be 2.2 million standard
containers.

On December 23, 2014, government began four-stage project of Yangshan port. In the
beginning of construction, Yangshan port has a goal integrated with the world，that is to
create a fully automated container terminals. This not only represents the highest level of
international container terminals, as well as developing direction. In 2017, Shanghai
international shipping center Yangshan deep-water port project four will be completed.
After the completion of the port, it will fully implement ―smart handling" and "terminal"
11
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and "zero emissions".

Table 3-1 Berth Construction Status in Yangshan Port

Container berths
completed

Time for
completion

First-stage project

5

December 2005

Second-stage project

4

December 2006

Third-stage project(Phase One)

4

December 2007

Third-stage project(Phase Two)

3

December 2008

Forth-stage project

2017

Data source: Government website in bonded port of Yangshan port.

Yangshandeep-water port has already contained 9 routes, including Sino-ocean Europe,
South America, West US, Mediterranean, Oceania and offshore Southeast Asia, Japan
and South Korea, etc., from a single European route, since it was opened in December
2005. From 2005 to 2009, international ships with containers that berthed in Yangshan
port reached 20173 ships (times). The quantity in circulation of Yangshan port reached
6848 ships (times) in 2009 with the year-on-year growth of 5.19%. Until November
2015, Shanghai has completed the container throughput of 33.468 million teu,
comparing with the same period last year, the throughput has grown by 3.3%; The total
cargo throughput of 469 million tons, down by5.3%.

3.2 Analysis of hinterland of Yangshan port

12
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Port of Shanghai is a hinterland-oriented port. At present, international transfer
proportion of containers is not high. Relative to other international shipping centers,
international transfer ability in Port of Shanghai is not prominent. In 2008, the
international transit volume in Port of Shanghai was only 5%, but Port of Singapore,
Port of Hong Kong and Port of Busan reached 85%, 60% and 45%, respectively.

Yangshandeep-water port has already completed 33.468 million of standard containers
until November 2015. Yangshan deep-water port has contained 9 routes, including
Sino-ocean Europe, South America, West US, Mediterranean, Oceania and offshore
Southeast Asia, Japan and South Korea, etc., from a single European route. The port
throughput in Yangshan port has been increased rapidly, since it was opened. Impacted
by global financial crisis in 2009, throughput has been reduced slightly. The throughput
in Yangshan port has been impacted by international trade development of economic
hinterlands directly.

Port of Shanghai is a typical hinterland-oriented port. Its direct hinterlands include
Jiangsu, Zhejiang and Shanghai of which GNP has occupied 1/4 of the whole nation.
Foreign trade volume has occupied 1/3 of the whole nation. Indirect hinterlands cover
the entire Yangtze River Basin, mainly including Anhui, Jiangxi, Hubei, Hunan, Sichuan
and Chongqing. Port of Shanghai has been promoting Yangtze Strategy positively and
cooperated with Port of Nantong, Port of Yangzhou, Port of Nanjing, Port of Anqing,
Port of Changsha, Port of Wuhan and Port of Chongqing in different levels.

In containers exported in Port of Shanghai, the container proportion between the
Shanghai and outside areas is about 49:51. Jiangsu and Zhejiang are main sources of
containers in Port of Shanghai. Source of goods is mainly distributed in Jiangsu
Province(including Suzhou, Wuxi and Changzhou) and Zhejiang Province(Including
Hangzhou, Jiaxing and Huzhou), etc. As for the rest of hinterlands in Yangshan port,
13
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foreign trade containers in upper and middle Yangtze River are mainly generated in
Anhui Province(Hefei, Wuhu, Anqing, Bengbu and Fuyang), Jiangxi
Province(Nanchang, Jiujiang and Jingdezhen), Hunan Province(Changsha, Hengyang,
Yueyang and Changde), Hubei Province(Wuhan, Huangshi, Yichang and Jingzhou) and
Sichuan Province(Chengdu, Luzhou), as well as Chongqing city.

3.3 Analysis of collection and distribution system of Yangshan port

3.3.1 The introduction of main supporting project of Yangshan Port

Now there are three kinds of collection and distribution systems at Yangshan - road, rail
and waterways in which disproportionately has a large share of highway transportation.
As what is mentioned in the second chapter, the proportion of highway, waterway,and
railway is 80:15:5. The overall structure is quite unbalance.

The two main projects supporting Yangshan container port are the Donghai Bridge and
Luchaogang container railway center station. The only channel between Yangshan port
and the land is Donghai Bridge. And because of the railway system, Yangshan Port and
Luchaogang container center station are separated. Railway container transport still
doesn’t go straight to Yangshan Port. Sea-rail intermodal containers of Yangshan port
should go through the bridge by container trucks and then arrive at Luchaogang railway
station to complete the loading. During this period, the cost of short barge makes the
phenomenon that the total transport cost is higher than the surrounding ports, and it also
increases the time of transit. Due to the fact that the railway is not on the island and
cannot go into the port area, 70%~80% of the Yangshan Port container can only be
transported by the road, even though the railway transported to the Yangshan Port to
import and export, it also need the road barge, resulting in the busy traffic condition of
the roads surrounding Shanghai Port, especially in the rush hour in Shanghai outer ring
14
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(Waigaoqiao direction) and other sections. The problem of excessive reliance on road
transport in the Yangshan port’s collection and distribution system is particularly serious.

(1) The Donghai bridge
The Donghai Bridge starts from Shanghai Pudong New Area (Nanhui District formerly)
Luchaogang. It is connected with Hulu highway to the north and cross the Hangzhou
Bay to the south. It is directly to Zhejiang Shengsi XiaoYangshan island. The total
length of the Donghai Bridge is about 32.5 kilometers, which is an important part of
Shanghai international shipping center deep-water port project. It is worth mentioning
that the Donghai Bridge was voted ―No.1 project‖ by the Shanghai government.

The Donghai bridge project is the a significant supporting project of Shanghai
international shipping center Yangshan deep-water port and it provides service for the
demand ofYangshancontainer port collection and distribution system and the water
supply, electricity, communications and other needs. The whole Donghai Bridge is
divided into several part, about 2.3 kilometers of the land, about 25.5km of offshore
segment from the seawall to the big turtle island, about 3.5 kilometers of harbor bridge
connecting segment from big turtle island to the XiaoYangshan island. Besides, the
designed speed is 80km/h.

The area of Shanghai is more than 6000 square kilometers. There are many bridges over
this area, most of which is built over the Huangpu River and Suzhou River. The Donghai
Bridge is the bridge, which is the first truly pelagic cross the sea. The use of the Donghai
Bridge contributes to the development of Yangshan deep-water port, and it laid a solid
foundation for the construction of Shanghai international shipping center and accelerate
the speed of the shipping industry in Shanghai.
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(2) The Luchaogang railway central station
Shanghai Luchaogang station covers a total area of 650 thousand square meters. The
project was built in two phases, with the construction of the China Railway fifteen
bureau group and Shanghai construction group. It is reported that after the completion of
all, Luchaogang railway container central station has four beam eight shares of railway
line, and is equipped with two main container yards and a large storage area, the station
can accommodate 4 trainscarrying on loading and unloading in the station and container
handling.

Luchaogang railway container central station is the first completed among the 18 central
station of Ministry of Railways Railway, and it is the first central railway container port
station built in the port. Luchaogang railway container central station is located in
Shanghai City, the planning and construction of the Pudong Harbor Town, adjacent to
the logistics park. It is the tandem arrangement. In 2010, the design capacity of it is 1.72
million TEU.There are 4 tracks in the receiving departure yard, 4 wire harness and 8
loading and unloading line, with entrance and exit station door, comprehensive office
area, refrigerated container area special container area, special container area, empty
container area, container management and spare area, parking lot and container handling
machinery cleaning maintenance site.

The Ministry of Railways to Luchaogang railway station set the goal for the Luchaogang
central station, which is the ―two achievement, two satisfactions, one acceleration‖. The
aim of the goal is to achieve the quick collection and distribution of Shanghai Yangshan
deep-water port, meet the development of Shanghai international shipping central and
meet the needs of foreign trade and city logistics industry development, accelerate the
development of railway container transportation industry. Therefore, paying attention to
keep status of the Yangshan port supporting facilities and vigorously developing the
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international intermodal transport is the correct position and important responsibility of
Luchaogang railway central station.

Table 3-2Yangshan Port surrounding traffic infrastructure

Traffic

Present situation

infrastructure
port

Pudong International airport, Lingang Fengxian Port, Lingang
Multifunctional port wharf, inland river terminal

railway

Luchaogang container railway central station

highway

Hulu highway S2, Lianggang Avenue (connect Pudong airport with
Yangshan port), road A30

Inland waterway

Connected with Yangtze river, channel level are Ⅲ and Ⅳ

Data source：Baidu Website

The collecting and distributing system in Yangshan Port is a relatively complicated
system. According to modes of transportation, the system can be divided into three types,
including collection and distribution of highway, railway and waterway, respectively.
The organic combination of various ways of collection and distribution enables the
collecting and distributing system to be perfect in Yangshan port, so as to satisfy
increasingly growing demands for collection and distribution.

As what we mentioned before, the highway transportation proportion in Shanghai is
obviously too high, so it causes large pressure to the highway traffic system in Shanghai.
Collection and distribution of waterway impacts timeliness and economy of
transportation, because there are different seaworthy conditions in Yangtze River and
coasts, and inland vessels cannot arrive in Yangshan directly, but it needs to transfer
“shuttle bus” for barge in Waigaoqiao. The collection and distribution of railway
17
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cannot live up to simultaneous seaway and railway. There is no railway branch line
entering the harbor district, but it totally depends on collection and distribution of
highway in Donghai Bridge.

Table 3-3 Economic Load Distance of Three Modes of Transportation—Highway, Railway and
Waterway

Modes of transportation
Economic load

Highway

Railway

Waterway

≤300

300—500

≥500

distance(Unit: Km)
Data source: Zhen Hong, Technology of Port Handling

3.3.2The highway subsystem

Highway transportation has many advantages. It is flexible and can realize door-to-door
mode of transportation for goods. The network of highway transportation is crisscross
and is denser by comparing with other transport networks.

The highway subsystemin Yangshan port is composed of Donghai Bridge and urban
highway network. Container cargos are only transported by container trucks. The overall
length of Donghai Bridge is about 32.5km. It is designed in line with the emergency
parking strip of bi-directional 6 lanes. The design speed for traveling cranes is 80km/h.
the annual design throughput of the Bridge is more than 5 million TEU. The daily
volume in both directions has exceeded 5000 since Yangshan port was opened. The role
of collection, distribution and radiation is extremely large.

The economic distance of highway transportation is not more than 300 km. Sources of
containers in Yangshan port are mainly distributed in Shanghai, Jiangsu and Zhejiang in
Yangtze River Delta. Meanwhile, except for Nanjing(349km), the distance between
18
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other cities and Shanghai is contained in the economic range of highway transportation.
This determines that collection and distribution of highway has the special status in
ways of collection and transportation of Yangshan port.

There is a relatively perfect highway network between Yangshan port and its economic
hinterlands. According to the survey, some hinterlands mainly apply the collection and
distribution of highway to transport container cargos to Yangshan port, including Jiangsu
Province (Nanjing, Zhenjiang, Nantong, Wuxi and Suzhou), Zhejiang Province (Huzhou,
Jiaxing and Hangzhou), and Anhui Province(Fuyang, Bengbu and Hefei), etc. The path
of collection and distribution between Yangshan port and the above-mentioned
economic hinterlands is shown in marks of Figure 3-1.

Figure 3-1 The Path for Collection and Distribution of Highway between Yangshan Port and
Economic Hinterlands

3.3.3The railway subsystem

Shanghai is a crucial rail hub in China, the railway subsystem for container cargos in
19

[键入文字]

Yangshan port is composed of Donghai Bridge, Luchaogang Railway Central and
national railway network.

The Shanghai Luchaogang Railway Container Center has 1.8 million standard
containers for its design annual throughput. It was established and put into operation in
2006 comprehensively and officially. This is the first container center that realizes the
modern railway container central station of “multimodal transport” in the country.

Shanghai Luchaogang Railway Container Central covers a total of areas for 650000 m2.
It owns four 8-lane railway lines. Moreover, it is equipped with two container yards and
one large-scale refrigeration block. The station can accommodate four trains, which load
and unload containers simultaneously.

Shanghai Luchaogang Railway Container Central Station is one of 18 container centers
in Chinese railway planning. It mainly serves for Yangshan deep-water port. After
containers are transported to Yangshan port, they are entered into Luchaogang Station
passing through Dongjing Bridge for 40 min. Through Pudong railway, transit trains can
transport containers from Luchaogang Station to Ruanxiang Station. Trains can lead to
all parts of the country from Ruanxiang station, Jinmin railway branch line, and
Shanghai-Nanjing railway line. Cargos are unloaded from Yangshan port to enter into
the national transfer network. The entire transfer process can be completely and 2 hours
within 2 min.

The regular express train from Hejiawang to Luchaogang Station has been opened. The
train can load more than 1000 containers every time. At present, the train is operated
once a week for 4 hours every time. In the figure, it is expected to open a strain from
Sinkiang, Anhui, and Jiangsu to Luchaogang.
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According to operation data in Luchaogang Railway Center, the delivery directions of
sea-railway combined transportation mainly include Sichuan, Shaanxi, Henan and
Hunan. Containers are mainly from Anhui. Now, there are trains going to Hefei,
Nanchang and Suzhou, etc every week. It will open trains from Shanghai to Wuhu,
Changsha, Nanjing and Chengdu successively. The center conforms to market demands
to open express trains and double trains gradually on the basis of “five fixed trains”.
The railway network between Port of Shanghai and main hinterlands of container cargos
is sown in notes in Figure 3-2.

Figure 3-2 Railway Network between Shanghai and Main Hinterlands of Container Cargos

3.3.4The Waterway subsystem

The collection and distribution of waterway is composed of inland branch transportation,
barge transport from Waigaoqiao harbor district to Yangshan port and inland
transportation of Yangtze River, etc. At present, the proportion of water-water transfer in
Yangshan bonded port has already reached about 46%. Chongqing, Hunan, Hubei,
Jiangxi and Anhui in Yangtze River own lots of foreign trade container cartos are
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imported and exported in Yangshan bonded port in the form of “river-sea combined
transportation”.

The Yangtze River channel system with the center of Shanghai includes northern Suzhou,
southern Suzhou and Hangjiahu inland waterway networks and forms a channel network
with the total distance of 29617 km. During the period of the “11th Five-Year Plan”,
Shanghai governed the inland waterway with the total distance of 174.6 km. Until 2020,
an advanced waterway network of “one cycle and ten threads” in Shanghai inland will
be constructed comprehensively. At that time, Shanghai inland would realize the
connection between hinterlands of Yangtze River Delta and Port of Shanghai. Containers
transferring in surrounding areas will be collected and distributed through Shanghai
inland. Containers for transferring and shipping in ports of Jiangsu, Zhejiang and ports
along Yangtze River also can “satisfy” the Port of Shanghai through Shanghai inland.
Meantime, main ports along the river also opened direct flights to Yangshan port, so that
collection and distribution of waterway in Yangshan port is more perfect.

Table 3-4Regional container liner in Yangshan port

space(TEU)

routes

760

Yangshan–Waigaoqiao–Dalian–Qingdao- Yangshan

245

Yangshan–Changjiang or Zhapu–Wuhan - Yangshan

260

Yangshan–Nantong–Zhangjiagang–Nantong–Yangshan

178

Yangshan–Nantong–Zhangjiagang–Nantong - Yangshan

124

Yangshan–Nanjing–Yangzhou - Yangshan

272

Yangshan – Nanjing – Yangzhou - Yangshan
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Yangshan–Nanjing - Yangshan

692

Yangshan–Nanjing - Yangshan

268

Yangshan–Qingdao- Yangshan

52

Yangshan–Ningbo–Zhapu - Yangshan

208

Yangshan–Ningbo–Zhapu - Yangshan

373

Yangshan–Lianyungang

373

Yangshan–Fuzhou

260

Yangshan–Nanjing–Yangzhou - Yangshan

180

Yangshan–Wenzhou

140

Yangshan - waigaoqiao

300

Wuhan–Yangshan - Wuhan

3.4 The development of collection and distribution of Yangshan Port

Nowadays, first-stage, second-stage and third-stage projects of Yangshan Port have
completed, and forth-stage project will put into production in 2017. The first-stage and
second-stage projects of Yangshan Port belong to Shanghai Shengdong International
Container Terminal Co., Ltd (SHSICT). Third-stage and forth- stage projects of
Yangshan Port belong to Shanghai Guandong International Container Terminal Co., Ltd
(SGICT).

As what can be seen from the table 3-5, the throughput of Shanghai

Shengdong and Guandong Company increased quickly. The huge number illustrates that
the Yangshan Port needs a high- efficient and high-level container collection and
distribution system.
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Table 3-5 container throughput in Yangshan Port from 2008~2014

2008~2014 container throughput
2008

2009

2010

2011

unti：TEU
2012

2013

2014

SHSICT

5636998 4638234 5750330 7133342 7550082 7611422

8100018

SGICT

2590480 3210885 4357341 5965230 6600326 6753337

7101700

Data source: China Port Yearbook

What can be seen from the table 3-5 is that the container throughput of Yangshan port
increased rapidly from 2008 to 2014. It can be predicted that the throughput of container
in Yangshan port will go upcontinuously. And the speed of increase will be more and
more quick at least in recent years. The large volume of container and the quickly
development of Yangshan port put forward the higher requirements. The study of
transportation system is imminent and very important.

3.5 Summary of this chapter

This chapter is the qualitative analysis of the collection and distribution system of
collection and distribution system of Yangshan port. For there subsystems, the analysis
of them are showed with tables and figures. Finally, according to the data from China
Port Yearbook, the development of throughput of Yangshan port illustrates a huge
number of containers during recent years. A completed collection and distribution
system is in urgent need.
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Chapter 4 The evaluation of collection and distribution system of Yangshan port

This chapter is the main part of the research paper. AHP model is used in this research
paper and questionnaires are handed out to expects and relevant port authority
employees to collection their views. In order to reduce the subjective of AHP model,
other national famous ports are chosen when marking each indicators of Yangshan
collection and distribution system.

4.1 The principles of indicator selection

The evaluation system of the collection and distribution system is a complicated system
and it consists of several aspects. If the number of indicators is less, it certainly cannot
well describe the system status and changes, so it needs to construct the system with
multiple indices used to describe the system's change. When Choosing indicators ,we
can have a variety of solutions, and the reasonable selection of evaluation indicators can
improve the accuracy of evaluation.Therefore, when determining the indicators, screen
all kinds of indicators, do not repeat, do not miss. Whether the evaluation system of
collection and distribution system of Yangshan port is scientific or not, it is directly
related to the accuracy of the results and the rationality of the countermeasures and
suggestions.Therefore, in the process of selecting the evaluation indicators, must follow
the following principles:

(1) the principle of scientificity
In order to guarantee the accuracy and rationality of the evaluation results, the selection
of the index system must obey scientificity. The connotation of each indicator should be
clear and has a certain gradation and representative, to ensure the value of reference for
the suggestions.
(2) the principle of pertinence
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The choice of the indicator should aim at the shipping industry and focused the situation
of collection and distribution system of Yangshan port therefore, the choice of indicators
must have a strong pertinence.
(3) the principles of operability
Because the collection and distribution system is a complex and dynamic system, so the
meaning of indicator should be clear and easy to quantify, has certain operability in
order to simplified calculation process.
(4) the principle of independence
In order to achieve the purpose of reducing assessment information redundancy, each
indicator should strive to maintain its relative independence. In another word, the
indicators in the index system o should be related to each other, and at the same time,
independent of each other.

4.2 The establishment of evaluation indicators

The whole collection and distribution system is influenced by many aspects, so when in
the process of establishing the evaluation system, each indicator should be well-founded
and considered carefully. Therefore, after collecting information and consulting, the
evaluation indicators of the collection and distribution system have been obtained. Each
indicator has an impact on the collection and distribution system to some extent.

4.2.1 The determination of evaluation indicator

Because the object of study is container collection and distribution system, so tieA is
container collection and distribution system and tieB is divided into three tiers, highway,
railway and waterway.
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Table 4-1 the evaluation system of collection and distribution system

TierB

TierC

TierD

B1Highway

C11 Road capacity

D111road network radiation area
D112the volume of cargoes
D113the level of road network

C12 Urban road network

D121the volume of urban traffic
D122the port highway capacity
D123 road network saturation rate

C13 The influence of policy

D131 the preferential policy
D132 tolls
D133 the number of checkpoints

B2 Railway

C21 loading and unloading

D211 the number of loading&unloading line

throughput capacity

D212 loading&unloading efficiency
D213switchyard throughput capacity
D214 the security of information system

C22 railway transport

D221 railway network radiation area

capacity

D222 the volume of cargoes
D223 the number of railway line

B3

C23 the influence of railway

D231 the flexibility of management

policy

D232 the system of management

C31 External conditions

D311 the hydrologic meteorological

Waterway

conditions
D312 location and conditions of shoreline
D313 policy conditions
D314 the influence on the environment
C32 The condition of

D321 the number of vessels

vessels

D322 the vessels total deadweight tonnage
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C33 Port throughput

D331 the loading and unloading efficiency

capacity

D332 the berth utilization
D333 #.working ships at the same time
D334 the number of berths
D335 the yard utilization

C34 The condition of routes

D341 the number of routes
D342 the density of routes
D343 the volume of cargoes

4.2.2 The specific meaning of each indicator

B1 ---Highway collection and distribution. In tier B1，it can be measured by road
capacity，the urban traffic network and the influence of policies.

C11 --- Road capacity. The road capacity refers to the road facilities to the ability of the
traffic flow. Capacity is essentially a measure of the road load performance, which
reflects both road unblocked traffic capacity, also reflect the characteristics in the
regulations, road can bear the vehicle running limit value. Road capacity can be
measured by D111 road network radiation area, D112 the volume of cargoes and D113 the
level of road network. In general, the bigger the radiation area, the bigger the volume,
the higher the level of road network, the greater the road capacity.

C12 --- Urban road network. urban road network is within the scope of the city by
different function, grade, location of the road, in the form of a certain density and the
appropriate network structure. It can be measured by D121 the volume of urban traffic,
D122 the port highway capacity and D123 road network saturation rate.
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C13 --- The influence of highway policy. There is no doubt that the policy is a reasonable
indicator. The amount of D131 the preferential policy, D132 tolls and D133 the number of
checkpoints are included in this tier.

B2 --- Railway collection and distribution. In tier B2, it can be measured by loading and
unloading line throughput capacity, railway transport capacity and the influence of
railway policy.

C21 --- loading and unloading throughput capacity. Railway loading and unloading line
capacity refers to the port railway loading and unloading line in a certain period of time
(year, month) have the ability to load and unload the goods. It mainly reflects the
organization of railway transportation, loading and unloading car from efficiency and off
ability, etc. It is measured by D211 the number of loading&unloading line, D212
loading&unloading efficiency, D213 switchyard throughput capacity and D214 the security
of information system.

C22 --- railway transport capacity. Transport capacity refers to the transport enterprise or
a certain line, port; transport equipment in a certain period can take the door freight
volume and turnover. Railway transport capacity can be measured by D221 railway
network radiation area, D222 the volume of cargoes and D223 the number of railway line.

C23 --- the influence of railway policy. The influence of policy reflects from D231 the
flexibility of management and the D232 the system of management. When the railway
management is more flexible and the system is more complete, the evaluation of this
part will be higher.

B3 --- Waterway collection and distribution. It is measured by external conditions, the
condition of vessels, the port throughput capacity and the condition of routes.
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C31 --- External conditions. For the part of waterway, the external condition is divided to
three indicators, D311 the hydrologic meteorological conditions, D312 location and
conditions of shoreline, D313 policy conditions and D314the influence on the
environment.

C32 --- The condition of vessels. The condition of vessels influences the waterway
service level. It is measured by D321 the number of vessels and D322 the vessels total
deadweight tonnage.

C33 --- Port throughput capacity. It is the most important tier in the waterway collection
and distribution. It can be measured by five indicators, D331 the loading and unloading
efficiency, D332 the berth utilization, D333 the number of working ships at the same time,
D334 the number of berths and D335 the yard utilization.

C34 --- The condition of routes. It is measured by D341 the number of routes, D342 the
density of routes and D343 the volume of cargoes.

4.3The determination of each indicator’s weight

The weight of evaluation index system is the influence degree of the index to the
evaluation results in the whole evaluation system. On the one hand it refers to the
comparison about the importance between the same level’s indicators; on the other hand,
it is an important degree between this level to the higher level. At present, the most
common method of determining the weight of the evaluation index system is the
analytic hierarchy process, which is called the AHP method. The method is used to deal
with the multi objective decision making method of the finite method. The method was
proposed by the famous American scientist Sarti (Saatty, T.L.) in 1970s, and has been
widely used in various area and fields all over the world. In view of many advantages of
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the AHP model , this paper will use this method to determine the weight of evaluation
index system.The general steps are as follows:

(1) The hierarchical structure of the evaluation indicator system
The basic method of analytic hierarchy process is to establish the hierarchical structure
model. This paper will set up four levels of evaluation indicator system. The first tier is
the target tier, the evaluation indicators system ultimately want to achieve the this goal;
the second tiers is the rule layer, this layer to achieve optimal results involved in the
intermediate links is the bridge between the first layer and the third layer; the third layer
is general scheme to solve the problem, the tier D is thespecific measures that can help
realize the tier A. In this paper, the first tier (tier A)is the collection and distribution
system of Yangshan Port. The tier B is the highway, railway and waterway collection
and distribution subsystem. The tier C and tier D are the more detailed indicators.

(2) Build the pairwise comparison matrices
Comparison matrix is the core of analytic hierarchy process, and it is an important part
of qualitative transition. Comparison matrix is obtained by pairwise comparison of two
indicators. The entry in row I and column j o matrix A, we used a ij said how much more
important objective I is than objective j.

𝐀 = （𝒂𝒊𝒋 )𝒏×𝒏

𝒂𝟏𝟏
𝒂𝟐𝟏
= ⋮
𝒂𝒏𝟏

𝒂𝟏𝟐
𝒂𝟐𝟐
⋮
𝒂𝒏𝟐

⋯ 𝒂𝟏𝒏
… 𝒂𝟐𝒏
⋮
⋮
… 𝒂𝒏𝒏

In the comparison matrix A, the numerical value of the element aij can be estimated by
experts and scholars for years of knowledge and experience. Reference number 1-9 and
its reciprocal as the scale, as shown in table 4-1:
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Table 4-2 Marking Standards

Value of aij

interpretation

1

Objective I and j are equally important

3

Objective I is slightly more important than j

5

Objective I is strongly more important than j

7

Objective I is very strongly more important than j

9

Objective I is absolutely more important than j

2，4，6，8，
reciprocal

Between two adjacent cases
For all aii=1 , aji= 1/aij

（3）estimate the weight
There are many methods to determine the weights for the comparison matrix A
① Calculate the product of each row criterion in the comparison matrix M i ：
n

M i   aij （4.1）
j 1

② Calculate the Wi ：
Wi  n M i （4.2）
T

③ Normalized Wi  W1 ,W2 ,L ,Wn  :
Wi 

W1
n

W
i 1

So ， W  W1 ,W2 ,L ,Wn 

（4.3）

i

T

is the weight of each criterion

（4）Checking for consistency
Any pairwise comparison matrix can suffer from inconsistencies. Now the next step is to
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describe a procedure to check for inconsistencies.
Calculate max ：
Find the ratio of each dlement of AW to the corresponding weight in w and
average these ratios.
n

 AW i

i 1

nWi

max  

（4.4）

Consistency checking requires calculating the consistency index and the test coefficient,
and the consistency index and the test coefficient are shown in (4.5) and (4.6)
respectively:：

CI 

max  n

（4.5）
n 1
CI
CR 
（4.6）
RI

The rationality of the comparison matrix is the guarantee of the persuasive result. Their
rationality can be reflected through the comparison matrix consistency index. Inthe
formula above(4.5) , λ max is the largest eigenvalue, n is the number of indicators in
the comparison matrix, and RI is the random index the average consistency index, under
the table 4.3 checking. Generally, the greater CR the worse the consistency; the smaller
the CR the better the consistency of the comparison matrix. When the CR=CI/RI<0.1,
the degree of consistency is satisfactory and that is a reasonable comparison matrix,
otherwise it should be adjusted to determine the matrix.

Table 4-3 value of RI(random index)

n

2

3

4

5

6

7

8

9

RI

0

0.58

0.90

1.12

1.24

1.32

1.41

1.45

The precess above is a general process. Now in order to calculate the weight of
collection and distribution system evaluation system, the comparison matrix should be
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obtained at first. In order to construct the comparison matrix, and the weights of the
evaluation index system of collection and distribution system. Here, this thesis uses the
form of a questionnaire survey to the practitioners of relevant experts and relevant
enterprises (Appendix 1). They will do the index of pairwise scoring, finishing and then
use the Matlab to calculate the weight of each index, and carry out the consistency test.
After recovering the questionnaire, the data were collected and the following matrix was
obtained. Table4-4, because of the large number of tiers and indicators, some examples
will be chosen.

Table 4-4 the comparison matrix of highway collection and distribution subsystem

B1

C11

C12

C13

C11

1

2

4

C12

1/2

1

3

C13

1/4

1/3

1

Table 4-5 the comparison matrix of railway collection and distribution subsystem

B2

C21

C22

C23

C21

1

2

5

C22

1/2

1

3

C23

1/5

1/3

1

Table 4-6 the comparison matrix of waterway collection and distribution subsystem

B3

C31

C32

C33

C34

C31

1

1/3

1/7

1/5

C32

3

1

1/5

1/3

C33

7

5

1

3
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C34

5

3

1/3

1

Calculate the weight,λ max and CR, as table 4-7 and 4-8

Table 4-7the weight of each indicator

TierB

weight

TierC

weight

TierD

weight

B1Highway

0.3

C11 Road

0.558

D111road network radiation

0.614

capacity

area
D112the volume of cargoes

0.268

D113the level of road

0.117

network
C12 Urban

0.320

D121the volume of urban

road

traffic

network

D122the port highway

0.2

0.6

capacity
D123 road network saturation

0.2

rate
C13 The

0.122

D131 the preferential policy

0.24

D132 tolls

0.21

D133 the number of

0.55

influence
of policy

checkpoints
B2 Railway

0.3

C21

0.582

D211 the number of

loading

loading&unloading line

and

D212 loading&unloading

unloading

efficiency
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throughput

D213switchyard throughput

capacity

capacity
D214 the security of

0.39

0.068

information system
C22

0.310

D221 railway network

0.4

railway

radiation area

transport

D222 the volume of cargoes

0.2

D223 the number of railway

0.4

capacity
line
C23 the

B3
Waterway

0.3

0.110

D231 the flexibility of

influence

management

of railway

D232 the system of

policy

management

C31

0.122

D311 the hydrologic

External

0.5

0.5

0.2

meteorological conditions

conditions

D312 location and conditions

0.2

of shoreline
D313 policy conditions

0.2

D314 the influence on the

0.4

environment
C32 The

0.227

D321 the number of vessels

0.5

D322 the vessels total

0.5

condition
of vessels
deadweight tonnage
C33 Port

0.424

D331 the loading and

throughput

unloading efficiency

capacity

D332 the berth utilization
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D333 #.working ships at the

0.112

same time

C34 The

0.227

D334 the number of berths

0.104

D335 the yard utilization

0.112

D341 the number of routes

0.2

D342 the density of routes

0.2

D343 the volume of cargoes

0.6

condition
of routes

Table 4-8λmax and CR

TierB

TierC

TierD

B1Highw

C11

ay

capacity

Road D111road network radiation area

λ

λ

max=3.0

max=3.01

74

8

CR=0.06

CR=0.016

D112the volume of cargoes
D113the level of road network

3
C12

Urban D121the volume of urban traffic

road

λ max=3
CR=0

D122the port highway capacity
network
D123 road network saturation rate
C13

The D131 the preferential policy

influence of

λ
max=3.0

D132 tolls
policy

18
D133 the number of checkpoints
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6
B2

C21 loading D211 the number of loading & λ

λ

Railway

and

unloading line

max=3.00

unloading

D212

throughput

efficiency

capacity

D213switchyard

loading

max=4.0
unloading 44

&

CR=0.01

4
CR=0.003

throughput 6

capacity
D214 the security of information
system
C22 railway D221 railway network radiation λ max=3
transport

area

CR=2

capacity

D222 the volume of cargoes
D223 the number of railway line

C23

the D231

the

flexibility

of λ max=2

influence of management
railway

CR=0

D232 the system of management

policy
hydrologic λ max=4 λ

B3

C31

D311

the

Waterwa

External

meteorological conditions

y

conditions

D312 location and conditions of

CR=0.003

shoreline

9

CR=0

D313 policy conditions
D314

the

influence

on

the

environment
C32

The D321 the number of vessels

38

λ max=2
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condition of D322 the vessels total deadweight CR=0
vessels
C33

tonnage
Port D331 the loading and unloading λ

throughput

efficiency

max=4.9

capacity

D332 the berth utilization

09
CR=0.02

D333 #.working ships at the same
time
D334 the number of berths
D335 the yard utilization
C34

The D341 the number of routes

condition of

λ max=3
CR=0

D342 the density of routes
routes
D343 the volume of cargoes

4.4 The determination score of each indicator

Port collection and distribution system of the comprehensive evaluation model is a
research on port set theoretical hypothesis of comprehensive evaluation system, is
obtained in accordance with their own understanding of the problem, with strong
subjective consciousness.In order to reduce the subjective of the model, this chapter
chooses Tianjin, Ningbo, and Dalian as the comparison objective. And each indicator’s
grading principles are as follows:

D111road network radiation area:The greater the impact on the road capacity, the larger
the road network radiation area, the higher the score.
D112the volume of highway cargoes: whether the highway subsystem can satisfy the
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volume of the cargo, the better the situation, the higher the score.
D113the level of road network: the higher the level of road network, the higher the
score.

D121the volume of urban traffic: the cargo from port will affect the urban traffic, so the
smaller the volume of urban traffic the higher the score.
D122the port highway capacity: port highway capacity is also important , the stronger
the port highway capacity the higher the score.
D123 road network saturation rate: if the road network is nearly saturated, the increase
of cargo will put large stress on it, so the lower the road network saturation rate the
higher the score.
D131 the preferential policy: more preferential policies given by government and port
enterprise will benefit to the system, so the more preferential policy the higher the score.
D132 tolls: the lower the tolls, the higher the score.
D133 the number of checkpoints: the less the number of checkpoints , the smooth the
traffic, the higher the score.

D211 the number of loading&unloading line: the more the loading & unloading line, the
higher the score.
D212 loading&unloading efficiency: the higher the loading & unloading efficiency, the
higher the score.
D213switchyard throughput capacity: the capacity of switchyard has a big impact on the
railway subsystem.
D214 the security of information system: the better the information system, the higher
the score.

D221 railway network radiation area: The greater the impact on the railway capacity, the
larger the railway network radiation area, the higher the score.
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D222 the volume of cargoes: Similarly as the D112, the larger the volume of cargoes,
the higher the score.
D223 the number of railway line: the more the railway line the higher the score.

D231 the flexibility of management: the more the flexibility of the railway system, the
higher the score.
D232 the system of management: the more complete the management system, the higher
the score.

D311 the hydrologic meteorological conditions: the better the hydrologic meteorological
condition, the higher the score.
D312 location and conditions of shoreline: the better the location and shoreline
condition, the higher the score.
D313 policy conditions: similarly as D131, the better the policy condition, the higher the
score.
D314 the impact on the environment: as discussed in the chapter two, this indicator is
used to measure that the collection and distribution system has an impact on the
environment. The less the environment pollution caused by the collection and
distribution system, the higher the score.

D321 the number of vessels: the larger the number of vessels, the higher the score.
D322 the vessels total deadweight tonnage: the larger the vessels’ dwt, the higher the
score.

D331 the loading and unloading efficiency: the higher the loading & unloading
efficiency, the higher the score.
D332 the berth utilization: the higher the berth utilization, the port is more crowded, the
lower the score.
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D333 #.working ships at the same time: the higher the working ships at the same time,
the better the ability, the higher the score.
D334 the number of berths: the larger the number of berth, the more the cargo it can deal
with, the higher the score.
D335 the yard utilization: the higher the yard utilization, the higher the score.

D341 the number of routes: the larger the number of routes, the higher the score.
D342 the density of routes: the larger the density of routes, the higher the score.
D343 the volume of cargoes: the larger the volume of water-water cargo, the higher the
score.

Although in the process of scoring the each indicator, the results of scores are measured
by the experts with a certain amount of subjectivity, because the majority of indicators
are qualitative, cannot be measured with the real data and only can transfer the
qualitative indicator to the quantitative date.

Except the indicators marked by the expects, some indicators can be measured by the
real data. Here are some indicators which can be measured. The data and information are
from the public data platform or reports. The reasons are as follows and the marks are
showed in the table 4-9

D112the volume of cargoes is measured by the container port throughput and the
proportion of different modes of collection and distribution. By 2015, top 10 of global
container port are Shanghai port , Singapore port, Shenzhen, Ningbo - Zhoushan port,
Hong Kong, Busan Port, Qingdao port, Guangzhou, Dubai, , Tianjin port, which
mainland Chinese ports, Shanghai port kept the first in the world container port
status.By the report of China, the top 10 are Shanghai, Shenzhen, Ningbo-Zhoushan,
Qingdao, Guangzhou, Tianjin, Dalian, Xiamen, Yingkou, Suzhou port.
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D121the volume of urban traffic is measured by the degree of urban traffic jam.
According to the report from the website, the degree of crowding of Yangshan, Dalian,
TianjinandNingbo is decreased in turn. The crowded urban traffic leaves bad impacts on
the collection and distribution of cargoes, so the mark of Shanghai is the lowest and that
of Ningbo is the highest.

D132 the tolls and D133 the number of checkpoints are the factors which can influence
the cost of transportation. There existed news that too much tolls and checkpoints led to
the increase of transportation costs and impact on the economic benefits of the road
transport enterprises.

D133 the number of loading and unloading line is marked by the real data. Via the
investigation, there are four wire harness eight lines in Shanghai Luchaogang central
station. Ningbo railway container terminal is located in NingboBeilunof Zhejiang
province Daqi Street and it is one of18 China's "long-term railway network planning"
railway container terminal.For the Tianjin, on June 28th September 2016, the first
sea-rail transport of Beijing-Tianjin-Hebei region comprehensive hub of railway
container station, Tianjinfully operational railway container terminal, started to
operation. The center after completion of all construction, ten railway loading and
unloading line will be put into use, the annual transport capacity is estimated 2 million
TEU.And the Dalian container central station has 3 wire harnesses.

D223 the number of railway line can be seen from the national railway freight route map.
Tianjin and shanghai have the most routes of railway and Dalian has less railway routes.

D312 location and conditions of shoreline influence the port attraction and competition.
According to the data from ―China Port Yearbook 2015‖, the terminal length of
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Yangshan is about5600 meters. For the Tianjin port, the length of one port is 2300
meters. The length of Beilun container port are about 6378 meters, it includes five
different phrase of project. The length of Dalian port is about 4416 meters. The Tianjin
also has many container terminal companies and the total length is more than 6000
meters.

D314 the influence on the environment is measured by the air quality index （AQI）. For
the 2015, the rate of AQI of Shanghai, Tianjin, Ningbo and Dalian port is 77%,60%, 83%
and 74%.

Table 4-9 the marks of quantitative indicators

TierD

Yangshan Tianjin

Ningbo

Dalian

D112the volume of cargoes

5

3

4

2

D121the volume of urban traffic

1

3

4

2

D132 tolls

2

3

3

3

D133 the number of checkpoints

2

3

3

3

D211 the number of

4

5

3

3

D222 the volume of cargoes

2

3

4

3

D223 the number of railway line

4

3

3

2

D312 location and conditions of

4

4

4

3

D314 the influence on the environment 3

2

4

3

D343 the volume of cargoes

3

4

2

loading&unloading line

shoreline

5

Figure 1-5 represents very bad, bad, common, good, very good. Via colleting the scores
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and data and then calculate with the weight of each criterion the scores are as followed.

Table 4-10 the scores of the indicators

Yangshan

Tianjin

Ningbo Dalian

C11 Road capacity

4.264

3.114

3.382

2.115

C12 Urban road network

1.8

3

3.2

2.6

C13 The influence of policy

2.48

3

3

3

C21 loading and unloading throughput

3.762

3.848

3.22

3.068

C22 railway transport capacity

3.6

3

3.2

2.6

C23 the influence of railway policy

2.5

3

3.5

3

C31 External conditions

3.6

2.8

4

3

C32 The condition of vessels

5

3

4.5

2.5

C33 Port throughput capacity

4.776

3.112

4.442

3.112

C34 The condition of routes

4.6

3

4

2.4

Yangshan

Tianjin

Ningbo Dalian

B1 Highway

3.2579

3.0636

3.2772

2.3782

B2 Railway

3.5805

3.4995

3.2510

2.9216

B3 Waterway

4.6434

3.0231

4.3009

2.7978

capacity

Table 4-11 the score of tie B

Table 4-12 the score of tie A

container collection and distribution

Yangshan

Tianjin

Ningbo

Dalian

3.908876

3.17818

3.678822

2.709039

system
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4.5Analysis of results

1) Firstly, from the determination of each indicator’s weight, it can be seen that the
highway, railway and waterway are the equally important in the whole evaluation
system. For highway collection and distribution , the road capacity and the urban traffic
network account for the largest part, about 0.6 and 0.3; For the railway collection and
distribution, the situation is almost the same, the loading and unloading line capacity and
railway transportation capacity influence the railway collection and distribution on a
large degree. The influence and implication of the policy exists, but accounts for a small
percentage, around 0.1. Under the waterway collection and distribution, the most
important part is port throughput capacity. It is not only an important indicator that can
measure the port operation, but also a critical indicator influence the waterway
collection and distribution.

(2) According to the final results, the figure shows that the level of the container
collection and distribution system. Compared with the level of Tianjin, Ningbo, Dalian,
the final number of Yangshan port is larger than that of other port. However, obviously,
there are several notably different from others. For example, the urban traffic network is
worse than other criterion in the same level. This is the common situation in China,
because the traffic is crowded in the big cities as well as these coastal port cities.
Because of the prosperity of the world trade, the cargo transportation put huge burden to
the urban highway system.

4.6 Summary of this chapter

This chapter establishes an evaluation system of collection and distribution system in
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accordance with the principles of choosing indicators. According to the comparison
matrix, the weight of each indicator is calculated. The present situation of collection and
distribution system of Yangshan port is also marked compared with Ningbo port, Dalian
port and Tianjin Port. Finally, the results of AHP model is analyzed.
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Chapter 5 Suggestion of Yangshan port

In this chapter, the main problems are discovered in accordance with the results of
chapter four. And aiming to these problems, the chapter five tries to put forward some
suggestion and measures to settle these problems.

5.1 The existing problem from the evaluation system

From the evaluation results,Yangshan port collection and distribution system mainly
shows the following problems:
1) The volume of urban traffic itself is very big.
2) The port road capacity is a shortage.
3) The railway system is less flexible.
These problems will be analyzed in details.
(1) The volume of urban traffic itself is very big.
Because the condition of Shanghai, the huge amount of city traffic is a serious problem,
and it is hard to deal with. According to the real data, Shanghai is one of the most
crowded cities in China. The huge traffic jam and largo cargo transportation via highway
transportation make the city traffic in a bad condition.

(2) The port road capacity is a shortage
As mentioned above, due to the fact that the railway is not on the island and cannot go
into the port area, 70%~80% of the Yangshan Port container can only be transported by
the road, even through the railway transported to the Yangshan Port to import and export,
it also need the road barge, resulting in the busy traffic condition of the roads
surrounding Shanghai Port, so the capacity of port road is very important for the whole
container collection and distribution system of Yangshan Port. Due to the limitation of
the port location and surroundings, the port road capacity cannot satisfy the supply of
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the cargo transportation.

(3) The railway system is less flexible.
Nearly the same reason caused by the location, the railway system is not flexible.
Actually, the railway transportation mod has plenty of advantages. The cost of railway
modes is cheaper than the highway transportation mode. It is not easy to be affected by
the weather. At the same time, the railway system is not as flexible and convenient as the
highway transportation.

Both of the two main container port of shanghai, Waigaoqiao port and Yangshan port, do
not have railway container handling line. From the view of the world, this phenomenon
rarely exists. The large domestic coastal ports have many railway lines through the ports,
such as Qingdao port, Ningbo port, Dalian port and Shenzhen port. Because of the
separation of container port and railway loading and unloading line, the containers
arriving by the railway must be barged to the port by the trucks. On the contrary,
imported containers by Sea-rail Combined Transportation need to be transported to the
railway station. In this case, the cargoes transited in the Yangshan port has two more
loading and barge than those transited in the other ports such as Qingdao and Tianjin.
This increases the cost, prolong the time of goods. At the same time, it has the bad
impact on the organization of sea-railway transportation, operation and safety
management.At present, although the Pudong railway transport capacity has a large
surplus, there are only Shanghai Huning and Huhang between Shanghai area and other
areas. The main railway lines are almost in saturation capacity.

5.2 Development program of collection and distribution system of Yangshan port

Having found the main problem of the collection and distribution system , the chapter
5.2 introduces the specific measures for the Yangshan container port collection and
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distribution system.

Transportation contributes a lot to Shanghai economic development. With the
increasingly intimate attention on sustainable development and low-carbon economy, the
role of waterway transport is stood out day by day. We must realize that there are
bottleneck and hidden dangers of unsmooth collecting and distributing system from the
port to the hinterland behind the increase of container throughput. The collecting and
distributing status of depending on roads (highways) is not reasonable and low-efficient.
By referring to the hub port construction of containers and operation experience at home
and abroad, combining with current conditions and challenges in the Shanghai port, and
aiming at existing disadvantages in highways, railways and waterways, countermeasures
of promoting and perfecting the collecting and distributing system of containers in the
Shanghai port are shown as follows:

(1)Improve the situation of highway subsystem
The main suggestion about the first problem is to reduce the tolls and number of
checkpoint and improve the highway situation of collection and distribution system. To
use price leverage flexibly and adjust traffic flow of containers reasonably; By virtue of
successful experience in A30(S30) highway implementing elastic charges, Shanghai
should study the mutually independent and influencing relations between paths of
highways, continue to expand elastic charging ranges, implement elastic charging
policies for heavy goods stocks, attract trucks, trailers and large-scale freight trains to
give up S20 highway, and create conditions for transportation’s external movement of
heavy trucks on S20 highway. To sum up, using price leverage to adjust traffic flow of
containers is one of the powerful measures to realize sufficient and reasonable utilization
of highways in the whole city.

To realize network toll collection and uniform management of highways in Jiangsu,
Zhejiang and Shanghai. The recently implemented ETC(no-parking) though has
achieved initial success, the passing number is limited. In addition, car owners and users
don’t purchase necessary equipment and electronic cards positively, the effects are
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extremely limited. It is common to see a phenomenon that waiting in a long line at the
toll gate of boundary. Therefore, it is urgent to reform charging and management
integration on inter-province expressways. The important symbol and concentrated
reflection of network toll collection and uniform management refer to cancel the
highway tool collection sites established in the middle of Jiangsu and Shanghai,
Zhejiang and Shanghai repeatedly.

(2) Change the proportion of collection and distribution modes
To coordinate with the proportion of three main collecting and distributing ways of
highways, waterways and railways, organize trans-department and industries, coordinate
and communicate with National Development and Reform Commission, Authority of
Transportation and Port, Railway Bureau, Marine Board, Harbor Service Group and
Highway Group, etc., perfect the trans-department cooperation mechanism of collecting
and distributing system in Shanghai port, pay attention to allocating the proportion of
three main collecting and distributing ways of highways, waterways and railways
reasonably, reduce the interdependency on highways appropriately, improve usage rate
of inland rivers, develop railways’ advantages of long-distance transportation, and speed
up developing combined sea-rail transportation of containers. To realize and perfect the
network connections between the Shanghai port area and highways, waterways and
railways, respectively, broaden the ramp capacity from the container dock’s gate to
urban expressways or highways, plan and coordinate with integrated highways, railways,
and waterways, as well as harbor service, customs, public security and capital
construction, etc., by building an integrated office of Shanghai collecting and
distributing system of trans-transportation departments.

(3) Add environment protection measures to guarantee the sustainable development of
the collection and distribution system of Yangshan port.
Coordinate with low-carbon economy, formulate and implement preferential policies of
developing waterways and railways, encourage and promote the collecting and
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distributing development of Shanghai waterways and railways for containers positively
in accordance with the development requirements of low-carbon economy, Shanghai
municipal government calculates subsidy limit in line with social benefits obtained from
transporting containers by changing highways to waterways and railways and
permission of financial conditions, guides and stimulates carriers of containers to
increase using scale and frequencies of waterways and railways. In addition, low-carbon
emission indicators of relevant manufacturers (goods shippers) should be implemented
in the selective decisions of shipping ways. The shipping management department
should reduce barriers to enter into the transportation market of inland rivers, reduce
numerous charges of waterway transport, encourage developing and promoting
containers’ standard shipping boats in inland rivers. Meanwhile, Relevant departments
of Shanghai should combine with surrounding provinces(including Jiangsu, Zhejiang,
Anhui and Jiangxi) positively, unify and standardize waterway technology in inland
rivers, safety management standards and methods. The railway should improve market
service consciousness and use the good chance of completing Shanghai-Nanjing railway
and Shanghai-Hangzhou high-speed rail and passenger flow to develop transportation
business of containers positively.

(4) Improve operation management level and carry out sea-rail combined transportation
positively is a good option to relieve the inflexibility of railway system. The
contributions of railway transportation to collect and distribute container cargos in the
Shanghai port are lower, due to insufficient hardware conditions of disconnecting lines
to the harbor district, the monopoly position for several decades and long-term nervous
transport capacity. At present, Shanghai-Nanjing high-speed railway and
Shanghai-Hangzhou high-speed railway have already been operated in succession. This
relieves the pressure of nervous railways’ transport capacity in Yangtze River Delta
Area.
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5.3 Summary of this chapter

After the AHP model, the thesis has found some problems of collection and distribution
system of Yangshan port and evaluate its condition. Faced these problems, several
specific suggestions and improvement program are put forward in this chapter to help to
improve the situation and condition of collection and distribution system of Yangshan
port.
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So far，the thesis and study have already found many shortcomings of the collection and
distribution system of Yangshan container port. After the results of the evaluation, the
chapter five ties to give several suggestions. Because of my ability, the limitation of data
collection, etc., the thesis also exists some shortcomings and the insufficiency, for
example, in the process of constructing comparison matrix, experts’ marks have a certain
subjectivity. In the establishment of evaluation indicator system, the process of selecting
the indicators may have certain deviation with the reality. Therefore, I hope the experts
and teachers point out the deficiencies and give several directions, suggestions and
opinions.
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Appendix

(questionnaire)

Dear Professor. **
My name is He Guchuan and I am the student of Shanghai maritime university ITL
program 2016. In order to do the research and finish my final thesis, would it be possible
for you to spare some minutes to fill in the tables in the appendix EXCEL file carefully
and authentically with your professional knowledge and rich experience. Step 1 is to
compare the importance degree between two indicators. Step2 is to mark each indicator
in accordance with the truth situation and your experience.

My thesis is about the evaluation of collection and distribution system of Yangshan Port
and I would like to use AHP model as the methodology. In this questionnaire, step 1 is to
compare the importance degree between two indicators. Step2 is to mark each indicators
in accordance with the truth situation and your experience. After selecting the evaluation
indicators carefully, I built up an evaluation system of collection and distribution system
as followed and chose Tianjin, Ningbo, Dalian container port as the comparison objects
when mark the situation of each indicators at step 2.

The evaluation indicators of collection and distribution system are as followed.
TierB

TierC

B1Highway C11 Road capacity

TierD
D111road network radiation area
D112the volume of cargoes
D113the level of road network

C12 Urban road network

D121the volume of urban traffic
D122the port highway capacity
D123 road network saturation rate

C13 The influence of policy

D131 the preferential policy
D132 tolls
D133 the number of checkpoints
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B2 Railway C21 loading and unloading D211 the number of loading&unloading line
throughput capacity

D212 loading&unloading efficiency
D213switchyard throughput capacity
D214 the security of information system

C22

railway

transport D221 railway network radiation area

capacity

D222 the volume of cargoes
D223 the number of railway line

C23 the influence of railway D231 the flexibility of management
policy
B3

D232 the system of management

C31 External conditions

D311

Waterway

the

hydrologic

meteorological

conditions
D312 location and conditions of shoreline
D313 policy conditions
D314 the influence on the environment
C32

The

condition

of D321 the number of vessels

vessels
C33

D322 the vessels total deadweight tonnage
Port

throughput D331 the loading and unloading efficiency

capacity

D332 the berth utilization
D333 #.working ships at the same time
D334 the number of berths
D335 the yard utilization

C34 The condition of routes

D341 the number of routes
D342 the density of routes
D343 the volume of cargoes

Thank you, and I look forward to hearing from you.
Sincerely,
He Guchuan
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